Rapid degradation of RNA is the most important factor impeding the analysis of gene expression in human cells and tissues. Once a tissue has been removed from its normal environment, the relative rates of RNA synthesis and degradation change. This in turn gives rise to changes in the relative proportions of various RNA species within a tissue, as well as to an overall reduction of RNA concentrations.
Several approaches have been used to reduce the rate at which RNA concentrations decline after tissue collection. Contamination of samples with exogenous ribonucleases (RNases), particularly those used in the laboratory during RNase treatment of DNA isolates, is universally recognized as an important cause of RNA loss. The use of meticulous laboratory technique to reduce this contamination is absolutely essential to preserve RNA substrates, but is not sufficient to permit analysis of all RNA targets. Isolation of RNA, along with the use of RNase inhibitors, such as diethyl pyrocarbonate, or chaotropic agents, such as guanidinium chloride or guanidinium isothiocyanate, often used in combination, is also helpful, but also is laborious and time-consuming. Rapid fixation of tissue samples with neutral-buffered formalin or precipitating agents, such as ethanol, destroys RNase activity, but increases the complexity of RNA isolation and may inhibit polymerase activity in reverse transcription (RT)-PCR assays.
To reduce the time required for RNA-based assays (1, 2 ) and the analytical variation resulting from RNA extraction and purification (3 ), several investigators have proposed RT-PCR techniques that do not require RNA isolation. The time available for RNA degradation to occur is minimized by the short time (typically ϳ1 h) required by these assays (1 ) . Many laboratories have been unsuccessful in implementing these procedures, however, and assay systems relying on RNA extraction dominate the molecular laboratory medicine community.
In this issue, Hämäläinen et al. (4 ) demonstrate that a potent RNase, eosinophil-derived neurotoxin, is the major factor in reducing the sensitivity of RT-PCR-based assays for minimal residual disease in patients with chronic myelogenous leukemia. Removing eosinophils, either by the use of monoclonal antibodies or by density gradient separation, substantially increases the signal obtained in an RT-PCR assay that does not rely on RNA isolation. The result is an assay that may be quicker, more sensitive, and more reproducible than previous RT-PCR-based assays for the Philadelphia chromosome (bcr/abl translocation) that use either cell lysates or isolated RNA. If this approach can be widely implemented, it represents a substantial advance.
Eosinophil-derived neurotoxin is a member of the RNase A superfamily. This family consists of several closely related nonsecretory RNases coded by genes localized in the q24 to q31 region of human chromosome 14 (5) (6) (7) (8) . These genes each consist of two exons: a noncoding exon 1 separated by a single intron from the coding sequence in exon 2 (9 ) . The proteins share identical active site residues (10 ) and nearly identical secondary structures (11 ) . Eosinophil-derived neurotoxin (RNase 2) is expressed only in phagocytic cells, including neutrophils, the large granule of eosinophils, and monocytes (5 ) .
Several similar endogenous, nonsecretory RNases also complicate the molecular analysis of human tissues. RNase 1 is expressed in nearly all healthy human tissues (5 ) . In contrast, a second eosinophil RNase, the eosinophil cationic protein (RNase 3) is found only in eosinophils (5 ) . RNase 4 is found in several human somatic tissues, including liver, pancreas, lung, skeletal muscle, kidney, and placenta, but not in brain (12 ) . This RNase, or an antigenically similar protein, is also found in serum. Angiogenin, a RNase involved in angiogenesis, has a similar tissue distribution (5 ) . RNase 6 is found in healthy human monocytes and neutrophils, but not eosinophils (13 ) . It is likely that all the members of the RNase A superfamily family arose from duplication of a single primordial RNase gene.
In spite of their highly homologous secondary structures and identical key active site amino acids, these RNases differ in function. For example, in addition to its angiogenic effects, angiogenin specifically degrades transfer RNA, but not messenger RNA (14 ) . Eosinophil cationic protein has an RNase activity Ͻ1% of that shown by eosinophil-derived neurotoxin (15 ) . Because the relative concentrations of the various RNases vary from tissue to tissue, the effect on any RT-PCR assay of chemically or physically removing any single enzymatic or tissue constituent is difficult to predict.
Hämäläinen et al. (4 ) show that RT-PCR after total RNA extraction yields an assay system detection limit for the bcr/abl translocation of approximately fourfold the theoretical minimum. The physical removal of eosinophils from the RT-PCR assay improves the detection limit by approximately threefold in comparison with total RNA extraction. Density gradient separation using the Ficoll-Hypaque method improves the detection limit approximately twofold. Even after the removal of eosinophils, some RNase activity, presumably arising from RNase 1 and RNases 4 -6, remains.
The substantial improvement in the detection limit following removal of eosinophils suggests that molecular diagnosticians should pay greater attention to the cellular and molecular constituents of tissues that are being used in (or contaminating) their assays. Although it may be impossible to remove all endogenous RNases from RT-PCR assay systems, in some cases an RNase-rich cellular component (such as eosinophils) may be separated physically from the assay target. In addition to the techniques outlined by Hämäläinen et al. (4 ) , microdissection of frozen sections may be helpful for some samples. In other Editorial Clinical Chemistry 45, No. 4, 1999 cases, it may be possible to optimize the concentrations of nonspecific RNase inhibitors, such as diethyl pyrocarbonate, by considering the tissues that are represented in the assay system. Finally, it may be possible to design specific RNase inhibitors (such as anti-RNase monoclonal antibodies) that, when added to tissues during or immediately after cell lysis, reduce the effects of RNases more effectively than the nonspecific inhibitors currently in common use. The efforts we take to reduce the influence of internal RNases on RNA analysis may well have even greater payoffs in sensitivity and reproducibility than those that result from the use of meticulous laboratory technique to reduce external contamination.
